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teUe qu un , uleur . qui est dip| <Jans • 

£ ' U,eUr mi,a,,i ^ e d»3 1c 

une sene de pores rempli, de medicamenis. Lorsoue 7e 

le, .ned.camen* se dissolve*, dare 1« , issusdu 

« prendre la forme d un fil. d'un «ube ou d "une feuille 2 

ZSLL ,TT d,VUjgUe 48 " <men ' ™ de 
Wrfemen, des afTecuona vasculare, en adn.inis.rw, 1« 

TJZ? 1' C ° n ' enant deS ™*«c«ncnu e, Se 
d .ntroducon do .uteor au sile de Inflection vasculare 



3|3SSrSS£ 

may oc formed from a porous mcLal in fh^ r,™ r 

tube or meial rt m fonn of a w,re . 
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»«cuiamre proximate the ti. 
ft* site of vasculature disease. fclrvenng the stem to 



background of the invention 



""lis invention generally . 



./ c *paaaa5Ie in the v*sculztnr+ „r 



is 



bold opaiBd^.^ ~~ "^"""^taptowhid, 

— » Onto*. M „„ M fc ««, « „„, 

'ypoplisia. TOMS "°" , " l "°«'»<««!«« B i«i 1Ml 



Z^T^ to deliver localized 
^ ****** agent, inc lndiog 
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or other pharmacological treatments which 
delivery. However rh~ ~, • *a can be released for drug 

0:^1 ^^^^-^theHTucturala.d 

It has been known in th^ m ia - 

polymeric materials nave k^, <• velv - of 

icimu nave been reinforced whh metal strum™, n. 

'^present invention meets these needs. 



OF THF BQEMHQM 



— » Porno. „, „ "~ « » * 

«■ specific site of vascuhr injury, ^ . 

«-«-.«.— 



anicmre. an expandable steo, 

Additionally rh^ : 

entered after thev w ^ "^oven fibers and filaments ^ 

9 have bee, woven inio me ^ 

^ one embodiment of the ore^, • 

In another embodim™ 

entered to (he <»rf a , strength to the device Th- ~. 

10 on e «mibodimeni accorti 

According to another ««w 
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According to one embodiment of the iBv«^«- .u 

invention, the coating preferablv i< 
permeable to the medication The , . P^ieraoiy is 

re.e^„_ -r • 71x1 P^^inty of the coating should be selected to 

release the med,cation in the stent at a desired rate. 

applied to th h T ° f ** ^ 3 bi «^ coating is 

apphed othe,tent. Th, coating is dissolved by the body fluid,. Further, it is des irao, 

to one application, the coating preferably i, loaded with the san,, h 

that.s Afferent than that which is carried by the stent InrKi , 

.. . »™ oy tne stent. In this configuration, the two 

medicadons are released sequentially. 

The present invention also includes a m«hod of using a medicated 
prosthesis. The method comnrises n™^- 

core, «f * k ^ * P ° roUS Pr ° S,heSiS ' ,oadin * a drug into the 

por« of theprosthesi, positioning thep^esis inan appropriate sit e .nd afrilg ue 
P^tothesite. *~^ fca «^^ J^f 
applymg a coating to the sum, after the step of loading the drug 

tan fern l**"* ^ ° f ^ ^ ™ ««°« parent 

from the following more detailed description when utm „ - 

poon ' hcn ukcn ™ conjunction with the 

accompanymg drawing, wUch illustrate bvwav of „ am , u 

tuiir«c. oy way of example, the principles of the 
present invention. "*v«a ot me 

PRJEF PF.SrprPTlON of rtrp PT > 
FIGURE 1 i, a ,o„ gi tudinal actional view of a blood vessel with stent 

cut aw 2 b ,POrOUS ^ " ta 8 ^fied. partially 

invention. r 
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FIG. 3 is a magnified, cross-sectional view of un-sintered. packed panicle. 

FIG. 4 is a porous stem wire or strut in a partially magnified, partially 
cut-away perspective, manufactured according to one embodiment of the present 
invention. 



FIG. 5 is a porous stent wire or strut in a partially magnified, partially 
cut-away perspective, manufactured according to one embodiment of the present 



invention. 



FIG. 6 is a cross-sectional view of a stent wire or strut manufactured 
according to one embodimem of the present invention. 

RG. 7 is a cross-sectional view of a stem wire or strut manufactured 
according to one embodiment of the present invention. 

FIG. 8 is a sheet of sintered stent manufactured according to one 
embodiment of the present invention. 

FIG. 9 is a stent formed from a sheet of sintered metal according to one 
embodiment of the present invention. 

FIG. 10 is a cross-sectional, partially cut-away view of a sheet of sintered 
metal manufactured according to the principles of one embodiment of the present 
invention. 

FIG. 11 is a cross-sectional view of a stent wire or strut manufactured 
according to the princip,e, of on* enibodiment of the present invention. 



H G. 12 is a cross-sectional view r^r*;*..* 
invention. embodiment of the present 



~«*..!^^ , : fc ^---*~.e-. 

i is raauijy expandable against the walJj M of a ve««,ii* a . 

vascular thethe^ ^ fc^^^T'* 

. T*. stent of one preferred embodimej • Zl ^ ^ "* 

Porous AnexamnJ,^ « formed of a stent wire mat is 

Po us. An example of a porous stent wire b a sintered meul w« FIG t n 
Partial microscopic view of a S im««i • . meiai wire. FIG. 2 illustrates a 

y tww oi a sintered wire thai is <tn.tr.ki. r 

«,« in size between 0.01 and 20 microns. 

According toooeprefeiredeniboilniient mem-,,- , 

- e— -.eae, o, a nee „1T 

first is applied to press (he panicles toeether Ti!« Mns, derable amount of pressure 

boudroeaebcuh,. Sp^L™,!!^' E »"""™"it* <tn panicte 

renins between the lattice of tteBjme,-.^^.. 
defines the pores 18. Piracies and this space 

He formation of sintered tocul is ill™.,., „,„,, _ 
continued refer™, 10 no , , . ,_ """" "* » FIO. 3 and 

"»».cp«uu,e, 2 4 .i" *«»«*-'-«» *- 

' P*™'* bond with neighboring 
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For each of the embodiments thenwi — 
-table metal such as stainles, „ «» * * 

as snunks, uataJum, nickel-titanium alloy mat™™. 
aJloy. molybdemim-rhexman alloy «>Id m.„w P'atmum-mcLum 
o*er s.mJar ^ ^ J£ — — ^ -*« 

One of the most important factors to be considered when ™v 
-ordmg to one emb^mem of ^ ^ *" ^ • ~ 

Porosity is ^ toU] voluine of *" P 0 ™* **e metaj. 

panicle size, particular* whh . * " Pr ° P ° nionaJ «° 

equally-sized particles ^ u ««s pred.ctable than wbra more 

7 Paries arc used. General unifbnnitv of ™~ ,i, , • 
ensure that druas are di*™, , ° f P 0 * "»«teo is important to 

' ^ *™*»" -nt. A generally uniform 
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. serotonin 
epitheliaj 

- » «* of oo^. _ " "* » *«• «» 
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« „, . .^J^*"*'" - -» — to, Kn 

. ^^to.^^^^"*^*., 

^o.,b ■!« p.*, of , ffllM to the Hw, p^, „ f tmjnt i 

°** loaded into the stem rK- w 

(rem) to poro 18 and u ' * W 

•« - It » w 4e Ileal, — „, to 

CiliefamoojtoailyMu.,..,,^ . 
an mcdicaterf 0x6 stcnt of the dt^„» ; 

»«™» of. tor^ou* „_ . * «™ » Wive, „ 

~* — ■** vw!d — • «» 

^^..-.to^.^^^^toc^. 

eCnUre, > of a Ptastic material. 
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Sintered metal ha, strength and elasticity that is comparable to non- 

bioah^H Additi00ally • ^ nUtCmlj - ^ that arc 

b,«bsorbabl,caaca^ W u mro a donoftheUssue a medicated metal stent having a 
therapcut* agent ioaded directly into the pores of the «« ^ wiu „ ^1 
irritation « the site of implantation. * 
FIG. 4 illustrates an alternative em»wi}«~-. * 

The of . «„, ^ jo ffiMM11B » f, 0 „ j, . 

* »mce area on *tech u bond win adj.etiii 
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fiUmenu or fibers. A matrix of overlapping filaments or fiber, th us is formed k v 
greater porosity and stronger ^ ^ 

In yet aaoAerembodiom. wire fibers 36 are woven or nvi h- 
structure 38 as illustrated in FIG 5 The inH w. , ^ ^ 3 

rKj - 3 - 1116 individual strands coooerat* ... 

to reinforce tbestrengd, of the wire AddY n '"V*™ 
into the form of a sintered 2* * ^ * — 

s»««ed metal tube Od^, and reinforced strength or into a 

011161 ""nbmahons of particle size and shaoe can . ■ 

font, a stent wire having different characteristics. * 
la another embodiment illustrated in FIG is th. n 

"™« core For o«™ te a. core „r .h. . • ^ *" r »™ *« 

of the stent wire Once the » , • ^ 52 44 

"»wire. "na the stent is placed into the vessel th«.fn~. 

^, wire is delivered « a rate -ha, is dete™- JTk ^ h *" 

layer 46 of the stent wire H * P0 " 54 * « 

piuucu ir ujc pores of the stew wire wrr* rt f „ 
rate is desired. wcrapy at a low dosage 
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layer is much less than fa. of a stem wire having similar proportions but which is 
composed entirely of sintered particles. However, the solid core reinforce the tensile 
strength and elasticity of the metal stem and b considerably stronger than a uniform- 
particle siutered stent. Thus, it is desirable to use , sintered stent with a solid core for 
anpltcations where maximum tensile strengm and elasticity is desirable and only a 
relatively small amount of therapeutic agent is needed. 

The sintered mesu stent of still another embodiment of the present 
invention can be made of material fctmed in the spherically-sha^ or filament 
particles discussed previously. For examp.e. the stent can be formed of a sheet of 
sintered metal 64 as shown in FIG. 8 or of a sintered metal tube. By way of examp.e 
metal particles 66 are arranged and p.essur.ed into , sheet. Tne sheet then is heated 'to a 
temperature below the melting point of the particle, a, described previously. The sheet 
of sintered metal is porous and has a plurality of pores 68. 

The same principles that apply to pJrosity ^ ^ size of a ^ 
equally ,o a sintered stent that is formed into a abiet or tube. The advantage of forming 
the stent from a sheet of metal i, ma, me stent is radial.y expandable without placing a 
great deal of strain on the metal lattice when it is expanded. A sheet or cube of sintered 
meu, can be cut in the desired shape to form the metal structural member with a laser 
such a, , coming CO, User, a pu,sed YAG User, or an excimer .aser. for example' or 
auermuvely. by chemical etching or stamping. When cu from a flat ,„«, the stent ' 
rolled into a cylindrical configuration and is .aser welded along the longitudinal 

The stent can be formed into a particular pattern known in the an for 
stents" fdrmed from metal sheets. One such pattern is a rolled locking design and i, 
ulustrated in FIG. 9. The sheet is etched into a stent configuration 70 that has a head 
portion 72 that includes one or more slot, 74 for receipt of a number of tail section, 76 
Respond to each slot. The tail sections are received into the slot, so as to form a 
cyundnca. loop. Each tail section include, a plurality of teeth 78 that are adapted to 
cooperatively engage the slot of the head portion. When the teeth engage *e ,lot. the 
tatl sections are retained in place, holding the stem configuration in an expanded state 
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"tocxvUy, bote so m {omaJ ^ 



Prior to deploymcaj ^ ^j, 

^^^oTiir^r' 

coo. Mtrewi „ Jlaio "°*'" i '" 1,eWI «a« blood 

Willi nefeeence to FIG. 10, moton, mh ^. 

r*"- to — — zzzzzz t -~ ^ > 

T*«m of no. 10i,,to,l. r in-™™ » of amem sheet 82. 

- * •* «. « of fc „ ; Jr™" *■ *— i» a. « 

- A ^H0..K^^^tTol" m " ,n,4 ™ ,,te "' a 
*"* ?enneaies only io a second direction 90wni*^ botiom lido 86 of the solid 

"""^ 1» l«ded to, „ J~" * ° » * dde«oo of ^ 

we pores on the top side. 

^ ,frt *^. a fira therapeutic 
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a g«rt can be loaded into th+ 

•tewallofthean,. *' ,,t * >»«». to <1« tissue !d 

With reference to FIG 12 3r wk 

^^k*.™ u '~ m,top ° ra - *—*-<. 

single sheet The shew rh / ^ to «^ and sintered into a 

WhUeoneoftbebenefioofcheor^,- 

^ l> °^ an be obtained bv loadin- . . 

-~-*ucu oy loading a stem with 



« •»»«, I,,,.,,.,, 



"""Peooc ageot cia be ^ „ , " ' «"«. «*». of 

-Mr— « e.^/^^ *~ — * . co«eo. 

polynwic maoial tku com . 
«*»> - Poty-L^ ^ <u ^'TT mm «M 

'^".tbete,™,,^.,^. Aluedll , 

■"""i" Polymeric filn, 
i"ermi«ed with the drug or dnjgs to be imJTJT '"'"^ *" "* 
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can be encapsulated in the layers of polymeric material by solve* casting, mel, 
processing, insert molding, and dip coating. 

In one embodiment of the presets invention, the membrane is 
bitubsocbable. bnt no therapeutic agent is loaded into the polymer. Tie coaling dissolves 
after ^plantation and this (Way, the time that a therapeutic agent i, released into doe 
vasculature of a patient. The thickness of the coating, as we.l as the rate at whkh the 
coating is bioabsorbed. determine die length of time that the stem is positioned in the 
vascular before a therapeutic agent * deliver hom ±e ^ of ^ ^ 
a therapeutic agent can be loaded into the bioabsorbable coating. Tbus a therapeutic 
agent will be delivered to the stent at a rate determined by the bioabsorbability of the 
coating. Once the bioabsorbable material has completely dissolved, the therapeutic agent 
» the pore, can be delivered at a rate determined by the pore size and porosity. 

In another embodimett. it is preferred that the coating is permeable and 
non-absorbable. In such cnrumsUnces, the rate at which the drugs permeate into the 
Ussue is controlled by the physical properties of the particular coating selected 
Additionally, the coating may be selected to reduce restenosis, thrombosis or other tissue 
inflammation. For example, a heparin coating is known in the art to reduce blood 
clotting. Heparin, when coated on a stent, reduces clotting of blood on the surVe of the 
stent. Tbe heparin coating i, affixed to the surface of the stem through ionic bonding, 
end-point attaching, or by photo-linking the heparin. 

In yet another en^odimen.. a first therapeutic agent is loaded into the 
coaung and a second therapeutic agent is loaded into the por« of the stent. Tnis may be 
the case when a series of drug dosages or concentrations are needed. When such a stent 
U placed into the vasculature, the fin, therapeutic agent i, absorbed first by the stem and 
a second therapeutic agent is absorbed Uter by the vasculature. Tub variation adds a 
former dimension to drug treatment allowing for sequential drug therapy at the site of 
placement of a stent. 

It will be apparent from the foregoing mat while particular forms of the 
uwention have been illustrated and described, various modifications can be made without 
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departing from tbe spirit and sco™- „f tt , ■ 

v *aa scope of the invention Arr/^.-i . . 
*e invention be limited except as hv Accort ">S'y. « * not intended that 

except as by the appended claims. 



c* omsoji i*m-04-u 



-18- 

1- A medicated prosthesis. comprising; 

a metallic prosthesis configured to attain patency of a human vessel the 
prosthes,s having a plurality of ports; and ^ 
a therapeutic medication loaded ^ fc ^ of ^ ^ 



2. A medicated 



stent, comprising: 



a metallic stent configured to maintain pataKy 0 f a human vessel the stem 
having a plurality of pores; and teM 

a therapeutic medication loaded into the pore, of the metallic stent. 
3- ^^otc^2,^^. ttfo ^ o( ^ nm ^^ 



roctaJ. 



* The ne* of claim 2 , whCTej „ fte sttnt . fonMd ^ a jin(CTed e]nnca ^ 



6- The sum, of claim 2. wherein the stent i, f 0raied of a 



sintered noble metal. 
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8- The 



SteMofc *» 2. wherein the stenti, forn)ed Qf a . 

"fonoedofasmteredroetaj alloy. 



The stem of claim 8 wh»r«„ * 

' Wberm *e stent is formal of * 



3 siiape-memor 



10 - The stent of claim 8 

.w-eremu.estemismn^^,^^ 
W U fonaed of a 8old alloy. 

12 - The stent of claim 2 wherein** 
"nge ° f 0 01 herons to 20 microns. ^ ^ witnin the 



13 ^"O" of claim 2, wherein th* • , 
panicles that are sintered. f0rmed ^generally spherical 



14 - The stem of claim 13 whrr^, .w. 



I5 - The stent of claim 2 wh~<n.. ... 

' ^ ^ ««»« formed of metal fibers 



16 ^"em of claim 15 wh«.s- *_ 

• WbereU,then «^c fiber, are woven. 



1 
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17. The stent of claim 2. wherein the stent has an inner laver of ^ , 
an outer layer of particle, the . , . * ° f and 

i-r Uyer of pj^ ^ " ^ " ^ *an the 



18- ^"-ofc^2.wherein^ stt ntha S anon- poroU5Coreandha3a 



porous metal coating over the noo-porous core. 



surfaced " ^ ** *" ***** and has a 

^"^^^"^^--^ewausoftheveaselwhcreint \ • 

endothelialuatioo of the stent. 



23. The stent of claim 2 wiw^n .k- ^ 
esophagus. * *" * t0 «* •Moved in an 
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w u.uoi mm (0.0001 mches to 0.002 inches) thick. 

29. The stent 0 f cUia 25, wherein ft. acting h B ^ ^ 

30. ^^ofcIai a ,29.wherei„ thecoatiBgofth 
polyurethane, polyethylene terapbthciate polyethvlene mm PCOtnpnsm 8 
po.yethy.ene oxide (PEO). ^ * ^ V,Dyl ^ SiHcone « 

31. listen, of claim 25. wherein the coating* a hydrogel . 

32. The stent of claim 25 wh«-«« .u 

' Whercm *• «»Qng is a heparin coating. 
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33. The stem of claim 25. wherein the coating fa an ionic heparin coating that 
is ionic bonded. 



34. ^^ofcl^^.whereinU.ecoadngfaanend-pointattachedheparin 
coating. 



35. The «ent of claim 25. wherein the coating fa a photolinked heparin 
coating. 



36. Tne stent of data 25. whenin .he coating fa porous and Spores are 
sued to permit controlled release of the medication through the pores. 



" n ™«^°'claim 25. wherein the coating fa capab.e of being dissolved by 
tne body fluids. J 



38. The stent of claim 25, wherein the coating 



contains medication. 



39. The stent of claim 25. wherein the medication in the pores of the stent fa a 
first medKation. wherein the coating contains a second mediation. 



40. The stem of claim 25. wherein the coating fa configured to reduce the 
porosity of the stent. 
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41 The stem of claim 25 wh~- ... 
b '^p.*i% of the stent. ' ^^ g *^*<° improve 



42 ' ^ »«« of claim 2 when.™* 
matenaj. ' ^ "* medi «tion is ao antithrombogenic 



43 - The stent of claim 42 wh~*„ 



**■ The stent of claim 42 wh«~-,v 

45, ""^ 'tent of claim 42 whe^«.K- 

2-wheremthe medical * M anti-coa^ 

46 ' ^ stent of claim 42 u,h-~ - « 

47 The stent of claim 42 wh^ ^ 

^^^-^-i^omhm^. 

^ "bo* the median is an • 

^cauonisanam^iateie,,^ 

49 - The stent of claim 42 wh*^. u 
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Tbe stent of claim 42. wherein the medication u a radioactive 



material. 



The stent of claim 42. wherein the medication i, a vase-active drug . 



The stent of claim 42. wherein the medication promote, endothelial^^. 



The stent of claim 42. wherein the medication is an anti-inflammatory 
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FIG. 3 
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FIG. 9 




FIG. 10 



FIG. II 
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